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Structure of the Quadricyclic Carbonium Ion 

Sir: 

We wish to report new evidence in support of the 
structure 1 as best representing the carbonium ion 
intermediate derived from solvolysis of quadricyclic 
derivatives 2. We also wish to report evidence con
cerning the isomerization of this ion to the 7-norborna-
dienyl cation. 

1 2 

X = (a) Cl, (b) OSO2C6H4CH3, (c) OSO2C6H4Br 

The charge-delocalized structure 1 was first proposed1 

to account for the remarkable reactivity of the quadri
cyclic derivatives investigated by Richey and Buckley2 

and by ourselves.1 It was found, for example, that 7-
quadricyclic chloride (2a) was less reactive than anti-
7-norbornenyl chloride (3)3 by a factor of only 100 and 
more reactive than 7-norbornyl chloride (4) by ap
proximately 109. Richey2 pointed out that quadri
cyclic derivatives were only about 30-40 times more re
active than the corresponding tricyclic compounds (5) 
which contain a single cyclopropyl ring, i.e., the net 

effect of the second cyclopropyl ring was negligible, in 
contrast to its additive effect in other systems.2,4 

As we have noted,1 however, this phenomenon appears 
to be the rule rather than the exception in the case of 
homoallylic ions. The 7-norbornadienyl carbonium 
ion6 and others6,7 constitute examples in which a second 
double bond has little effect on the stability of the car
bonium ion. Strong interaction of the cationic center 
with more than one unsaturated center is probably pre
vented by distortion of the ion into a delocalized struc
ture incorporating only one of the unsaturated centers.8 

The structure 1 was based, then, on Winstein's 
formulation of charge delocalization for the tricyclic 
carbonium ion (the ion derived from 5).9 It should be 
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noted, however, that we consider the delocalized repre
sentation, 1, to be only an operational one at this time, 
and it should not be considered to provide a brief 
against, for example, a 7r-complex formulation of the 
general type proposed by Dewar.10 

We previously reported1 the reduction of quadricyclic 
brosylate (2c) with sodium borohydride in aqueous 
ethanol and in anhydrous diglyme using Brown's 
general procedure11 in an attempt to determine the 
mode of charge delocalization in the ion, but were suc
cessful in isolating only quadricyclene and none of the 
tricyclic olefin (6) which should result from trapping 1 
at carbon 5. 

We now find, however, that treatment of quadri
cyclic brosylate (2c) with sodium borohydride in 80% 
aqueous diglyme gives a hydrocarbon product (15% 
yield, isolated) which consisted of approximately 10% 
tricyclene (6) along with ~ 8 9 % quadricyclene and 
~ 1 % norbornadiene. The tricyclene (6), of course, 

could have arisen from reduction of the 7-norborna
dienyl carbonium ion rather than from reduction of 1, 
an especially likely possibility since some norbornadiene 
was obtained. The source of 6 was determined by the 
following experiment. 

We have previously shown that lithium aluminum 
deuteride reduction of 7-norbornadienyl chloride yields 
tricyclic olefin containing deuterium exclusively at 
endo-C-3 (6b) through examination of the olefin's 
nuclear magnetic resonance spectrum.12 The endo-C-3 
hydrogen of 6 was found to generate a quartet at 
T 9.5 (/ab = 7.7 cps, J = 2.1 cps), and this multiplet 
was found to be completely absent in the nmr spectrum 
of the deuterated compound (6b). During the present 
investigation we have also treated 7-norbornadienyl 
chloride with sodium borodeuteride under the same 
conditions used for reduction of 2c and found the 
tricyclic product to consist solely of 6b13 (within the 
limits of detection by the nmr method).14 

On the other hand, sodium borodeuteride reduction 
of 2c in aqueous diglyme yielded tricyclic olefin whose 
nmr spectrum contained a multiplet centered at r 9.5, 
representing approximately 10% of the product. Spin 
decoupling of the deuterium simplified this multiplet 
to a doublet (J = 2.1 cps), also centered at r 9.5. 
Consequently, this doublet was assigned to the endo-
C-3 hydrogen in 6a. The tricyclic product from so
dium borodeuteride reduction of 2c therefore consisted 
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of a mixture of 6a (10%) and 6b (90%). Since the 
ratio of tricyclic olefin (6b) to norbornadiene was within 
experimental error of that usually foundllb'12 upon 
reduction of the 7-norbornadienyl cation, we believe it 
to be the source of 6b and the norbornadiene. We 
further propose that 6a results from reduction of the ion, 
1, at C-5. We are prompted by the comments of a 
referee to add, however, that this conclusion is based 
on the assumption that all of the hydrocarbon product 
arises from a carbonium ion intermediate. Since the 
actual yield of 6a is very low, our position is somewhat 
compromised. On the other hand, a direct displace
ment by deuteride on 2c, which seems to be the best 
alternative to ionization, would be predicted to be more 
important in anhydrous diglyme. In fact, no 6 was ob
tained in this solvent.1 

Quite remarkably, a significant amount of the quadri
cyclic cation 1 isomerizes to the more stable 7-nor
bornadienyl cation (9) before it is trapped by hydride. 
We have found, by solvolysis of 7-deuterioquadricyclic 
/>-toluenesulfonate (7), that this isomerization un
doubtedly follows the general rearrangement path sug
gested by both Richey2 and ourselves.1 Our version 
of this sequence is indicated by the following equation. 
Solvolysis of 7 (2-3 days) at 25 ° in acetic acid contain
ing an excess of potassium acetate gave a 75% yield 
(isolated) of a product consisting of an approximately 
50:50 mixture of 8 and 10. The kinetic isotope effect, 
ka/kn, was found to be a standard 1.18. Both the 
quadricyclic acetate 8 and the 7-norbornadienyl ace
tate (10) contained one deuterium by mass spectral 

v CH3COOH 

CH3COOK 

analysis and by analysis of their nmr spectra. The 
nmr spectra also served to establish, unequivocally, 
the location of the deuterium. It should be kept in 
mind that this method, of course, is not capable of 
great accuracy. For example, about 5% or less of 7-
norbornadienyl acetate containing deuterium anti 
to the acetoxy would have escaped detection. 

Nonetheless, this experiment has revealed some 
rather interesting features of the ions involved. For 
one, the hydrogens of the quadricyclic cation are not 
scrambled by rearrangement, thus ruling out a structure 
in which the positive center is delocalized over two or 

more equivalent carbons. Furthermore, the isomeri
zation of the quadricyclic ion to the 7-norbornadienyl 
ion is highly (perhaps completely) stereospecific and, 
in addition, the 7-norbornadienyl ion, once it is formed, 
retains its configuration. 
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Chelate Adducts Containing a Bidentate Electron-Pair 
Acceptor. l,2-Bis(difluoroboryl)ethane 

Sir: 

Chelate formation is a common phenomenon in 
coordination chemistry where many complexes are 
known in which a polyfunctional donor ligand is 
attached to a central metal acceptor. We wish to 
report an analogous situation in which a polyfunctional 
acceptor, F2B-CH2-CH2-BF2, is apparently coordinated 
to a central donor atom. 

The difunctional acid l,2-bis(difluoroboryl)ethane 
was synthesized according to a reported method 
(vapor pressure at 0° 154.6 mm obsd, lit1 156 mm; 
mp -31.2° obsd, lit1 - 3 1 ° ; mol wt 128 obsd, 126 
calcd).l Addition of this acid to dimethyl ether or to 
tetrahydrofuran led to 2:1 compounds as the only 
stable adducts, e.g., C2H4B2F4 • 2OC4H8. 

Much more interesting behavior was observed for 
bis(triphenylmethyl) ether where a 1:1 compound was 
indicated by tensimetric titration and also by weight 
gain. The resulting air-sensitive golden yellow crys
tals melted at 113-114°. Anal. Calcd: C, 76.46; 
H, 5.45; B, 3.44; F, 12.10. Found: C, 76.26; H, 
5.65; B, 3.24; F, 11.84. The infrared spectrum 
showed a complete absence of B-F stretching fre
quencies for trigonally bonded boron (1350-1380 
cm -1), while new peaks (ca. 1050 cm -1) attributable to 
B-F vibrations of tetrahedrally bonded boron were 
present. Clearly, both ends of the bidentate acid are 
coordinated. Twin absorption maxima at 430 and 
410 m t̂ in methylene chloride solutions of the com
pound showed the presence of the triphenylmethyl 
cation.2 Thus, a Lewis acid cleavage of bis(triphen-
ylmethyl) ether has occurred which is analogous to the 
known protolytic cleavage.3 The simplest reaction 
consistent with these data is 

F2B-CH2-CH2-BF2 + (C6H6)3C-0-C(C6H5)3 = 

[(C6Hs)3C]+ 

BF2-CH2" 

(C6H6)3C-0 

JBF2—CH2 

(D 

where the product contains the desired chelate struc
ture. 
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